Filler-related characteristic such as particle size, shape and geometry are essential factors that need to be considered during the evaluation of the material's performance especially in the area of particle filled composites. However, there is limited number of works are reported on this particular issue under high strain rate condition. Based on this concern, the paper presents an experimental results on the effect of particle sizes towards rate sensitivity and dynamic compressive properties of polypropylene/silica nanocomposites across strain rate from 10 -2 to 10 -3 s -1 . The composite specimens were tested using universal testing machine for static loading and a compression split Hopkinson pressure bar apparatus for dynamic loading. Results show that, the stiffness and strength properties of polypropylene/silica nanocomposites were affected by the size of silica particles. However, the magnitudes of changed are somehow different between micro and nano sizes. On the other hand, particle size also plays a major contribution towards sensitivity of the polypropylene/silica nanocomposites where the smaller the reinforcement sizes, the less sensitive would be the composites. Overall, it is convenience to say that the particle size gives significant contribution towards rate sensitivity and dynamic mechanical properties of polypropylene/silica nanocomposites.
Introduction
In particulate filled composites, interaction between filler and matrix play a major role in determining the overall properties of the composite. Thus, the effect of filler-related characteristic such as particle size, shape and geometry of particulate filled composites need an extra attention during their performance evaluation. Despite its acknowledged importance, the correlation between particle size and strain rate sensitivity under dynamic loading of these composites has never been reported in the past. Although, a few works were reported on the effect of particle sizes on several types of particulate filled composites systems [1] , but none of them focused on their dynamic characteristics. For these reasons, the experiments reported here were purposely designed to study the effects particle sizes on the static and dynamic compressive properties of PP/SiO 2 nanocomposites, under a wide range of strain rates. An experimental technique, based on the compression split Hopkinson pressure bar (SHPB), was introduced to perform high strain rate testing whereas, a conventional universal testing machine was used to perform static compression testing on PP/SiO 2 nanocomposites. In this study, SiO 2 filled PP nanocomposites were prepared using four different sizes of SiO 2 nanoparticles which is 1 µm, 3 µm, 7 nm and 3 nm, respectively. For the comparison purpose, stiffness and strength properties of all tested composite specimens were determined under both static and dynamic loading conditions. In addition, the rate sensitivity of flow stresses of all tested composite specimens were also obtained over a wide range of strain rate investigated as a function of particle sizes.
Experimental Details
Materials and sample preparation. Polypropylene Homopolymer (TITANPRO PX-617) was purchased from Titan PP Polymers (M) with a melt flow index of 1.6g/10 min (at 230 o C). The polymer density is 0.9 g/cm 3 . Four different sizes (average sizes) of silica particles (1µm, 3µm, 7 nm, 3 nm) were obtained from Sigma Aldrich. For standardization, 3 % of SiO 2 by weight were concisely added into polyethylene matrix for each type of PP/SiO 2 nanocomposites. During the first stage of sample preparation, SiO 2 nanoparticles were dried in a vacuum oven for 24 hours at 80 o C, in order to remove excessive moisture. SiO 2 and PP were then mixed using a heated 2-roll mill, with a mixing temperature of 180 o C, for a period of approximately 20 minutes. The processing condition involved melting the PP in the heated roll-mill for 5 minutes. Well-dried SiO 2 nanoparticles were then added gradually, until all of the particles were perfectly embedded into the PP matrix. After 15 minutes, the compounded specimen was discharged from the mixing instrument, and the compounded specimens were immediately sheeted through a laboratory mill, at a 1mm nip setting, for the purpose of specimen handling during hot press. The compounded composite sheets were then cut into small pieces before being hot compressed. Finally, the sheeted specimens were compression moulded, in an electrically heated hydraulic press, using a button mould, into shapes 12 mm in diameter and 27 mm thickness, for both static and dynamic testing, respectively.
Mechanical tests
Static compression test. A slenderness ratio (l/d) of compression specimen was reported to give significant influence to the frictional effects during static testing, where ASTM Designation E9-89 was highly recommended for the slenderness ratio of polymeric materials, as well as metallic materials [2] . Therefore, the specimen length was cut, based on ASTM Designation E9-89, where the l/d (d =12 mm) of the specimen, was approximately 1.5. In this study, the specimens were tested under constant crosshead speeds of 10.8 mm/min and 108 mm/min, corresponding to the strain rates of 0.01 x 10 -3 s -1 and 0.1 x 10 -3 s -1 , respectively, using an Axial-Torsion Universal Testing Machine. In order to reduce the frictional constraint during the test, a thin film of lubricant was applied at both of the specimen's interfaces. Five measurements were taken for each loading rates to quantify the average behaviour of each specimen.
Dynamic compression test.
In SHPB testing, the specimen geometry is one of the vital requirements which need to be considered. Thus, the issue of specimen geometry, especially thickness, was actively debated by the previous researchers [3] . However, the majority of experts agreed that the thickness effect was not due to wave propagation effects in the specimen, but more on the radial inertia and friction considerations. Therefore, the tests reliability is highly related to the slenderness ratio of the specimen, rather than the specimen's thickness. In this experiment, the slenderness ratio used was based on previous studies, which was 0.5 [4] . Therefore, the specimen length was created, so that the l/d (d =12 mm) value was equal to 0.5. Similar to the static test, five measurements were performed for each loading rates in order to determine the average dynamic behaviour of all specimens.
Result and discussion
Stiffness and strength properties. Stiffness and strength properties are the best statistical indicator to evaluate the performance of the materials. Therefore, the compression modulus and ultimate compressive strength (UCS) were carried out and demonstrated in Fig. 1 and Fig. 2 , respectively. From the graphs in Fig. 1 and Fig. 2 , it is clearly shows that the compression modulus as well as the compressive strength was increased with decreasing particle sizes. However, the magnitudes of increment for compression modulus values under static and dynamic region are not identical, where the increment pattern is more significant under static region as compared to dynamic region. The increment in compression modulus was closely related with the distribution of 182 Nanomaterials the rigid particles within the PP matrix where the smaller the size the greater would be the particle dissemination, thus increased the rigidity of the specimens .Meanwhile, the enhancement of the compressive strength was influenced by the adhesion between matrix and reinforcement as reported by the previous study [5] . The authors believed that, the smaller the size the greater would be the surface contact between particle and matrix and thus, increased the strength of the composites. Therefore, all composite specimens become stronger as decreasing particle sizes over a wide range of strain rate investigated. Quantitatively, Silica composites with particle size of 3 nm recorded highest compression modulus and ultimate compressive strength than that of other composites. Fig. 1 : The compression modulus of various PP/SiO 2 with different particle sizes under low and high strain rate loadings. 
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Strain rate sensitivity. In real world, it is always useful if the strain rate sensitivity can be carried out in terms of values in order to easily compare the materials. Therefore, in this study the strain rate sensitivity of the polymeric material was based on the definition of strain rate sensitivity, which can be expressed as follows [6] [7] :
Where σ 1 and σ 2 is the flow stress at the fixed strain (in this case, the strain used is 0.025) under different strain rates.
From Table 1 , it can be observe that, the rate sensitivity of all composite specimens increased significantly with increasing strain rates. Moreover, the particle sizes were also gave magnificent effect on the sensitivity of the composites material where the smaller the particle sizes the less sensitive would be the PP/SiO 2 nanocomposites. From this result, it indicates that, the nano particles are more suitable to be use as reinforcement for the extreme condition where minimal sensitivity is require. 
Conclusions
Polypropylene/silica nanocomposites with four different particle sizes (1µm, 3µm, 7 nm, 3 nm) have been successfully fabricated and tested under static and dynamic loadings up to nearly 1100 s -1 of strain rate. From the results, the following conclusion can be drawn:
 The stiffness and strength of the PP/SiO 2 nanocomposites increase with decreasing particle sizes. In addition, the PP/SiO 2 nanocomposites with larger particles size are more sensitive than that of smaller size.
